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ABSTRACT
1. INTRODUCTION
Subject headings
Einstein
We explain the properties of X-ray selected BL Lacertae objects, under the assump-
tion that they constitute the small minority of the BL Lac population with energy cuto
located in the UV/X-ray band, as suggested by their multifrequency spectra. In particular,
we derive their X-ray luminosity function, logN-logS, and radio ux distribution starting
from radio selected BL Lacs using a method that does not require any free parameters.
Our hypothesis is at variance with the most common explanation for the existence of t-
wo classes of BL Lacs, namely that X-ray selected objects are viewed signicantly o the
beaming axis while radio-selected ones have their jets more aligned with the line of sight.
In this case, in fact, X-ray selected sources should be intrinsically more numerous than
objects selected in the radio band at a xed value of some isotropic luminosity such as that
of the diuse radio emission. While also accounting for most of the properties of BL Lacs
detected in current X-ray surveys, this latter scenario would predict their radio emission to
be dominated by the extended (unbeamed) component, in contrast with observations. We
also address the question of the negative evolution apparently exhibited by X-ray selected
BL Lacs, showing that neither recognition problems nor a break in the X-ray spectrum
are likely to be responsible for it. Our hypothesis explains in a simple way the bimodal
distribution of BL Lacs in the diagram. It also makes specic predictions for the
X-ray, radio, and optical properties of BL Lacs which will be tested by future deep X-ray
surveys.
: galaxies: BL Lacertae Objects: general | radio continuum: galaxies |
X-rays: galaxies
The extreme properties of BL Lacertae Objects set them apart frommost other types
of active galactic nuclei (AGN). Namely, BL Lacs are core-dominated radio sources (e.g.
Antonucci & Ulvestad 1985; Perlman & Stocke 1993) displaying superluminal motion on
very long baseline interferometry (VLBI) maps (see e.g. the compilation by Vermeulen &
Following Stickel et al. (1991) we dene a BL Lac as a at spectrum radio source with
rest-frame equivalent width of the strongest line 5

A. This is the same limit applied by
Stocke et al. (1991) to the observed equivalent widths in their selection of BL Lacs from
the Observatory Extended Medium Sensitivity Survey.
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Cohen 1994), and characterized by rapid variability and relatively high optical polarization
(e.g. Angel & Stockman 1980; Jannuzi, Smith & Elston 1994). The property which dif-
ferentiates them most from other AGN is, however, their almost complete lack of emission
lines. This feature has led to the singular fact that, contrary to most other astronomical
sources, BL Lacs have been almost exclusively discovered at radio or X-ray frequencies,
with the consequent subdivision of the class into RBLs (radio-selected BL Lacs) and XBLs
(X-ray-selected BL Lacs). The somewhat dierent properties of the two subclasses have
favored the view that BL Lacs come in two avors, according to their selection band. In
fact, among currently known objects, RBLs are more core dominated, highly polarized,
variable, and luminous (at radio and optical frequencies) than XBLs (e.g. Perlman &
Stocke 1993; Jannuzi et al. 1994; Morris et al. 1991; Padovani 1992a). The two classes
also occupy dierent regions on the plane, which is indicative of dierent energy
distributions (Stocke et al. 1985; Ledden & O'Dell 1985). Moreover, whereas RBLs show
a weak evolution, consistent at the 2 level with no evolution (Stickel et al. 1991),
XBLs display a evolution, that is they seem to have been less abundant and/or
less luminous at higher redshifts, although even in this case zero evolution is excluded only
at the 2 level (Wolter et al. 1994; but see also 4.2). We note that amongst AGN
negative evolution is a property unique to XBLs.
The properties of BL Lacs have been explained in terms of relativistic beaming, that
is these objects are thought to be low luminosity (i.e. Fanaro-Riley type I: Fanaro &
Riley 1974) radio galaxies dominated by emission from a relativistic jet closely aligned
with the line of sight (e.g. Urry & Padovani 1994). Within this scenario, the less extreme
properties of XBLs have been attributed to a larger viewing angle (e.g. Stocke et al. 1985):
for example, XBLs would be less luminous than RBLs in the radio and optical band because
they are viewed o the beaming axis. The similar X-ray luminosities of XBLs and RBLs
have been tted into this picture by assuming that the X-ray beam is broader than the
radio/optical beam (Maraschi et al. 1986), either because the Lorentz factor of the X-ray
emission is smaller than the one of the radio emission (\Accelerating Jet" model: Ghisellini
& Maraschi 1989; see also Padovani & Urry 1990) or because the jet is more collimated
at lower frequencies (\Wide Jet" model: Celotti et al. 1993). At a given X-ray ux, or
luminosity, XBLs should then outnumber RBLs (simply because the broader beams make
it more likely that our line of sight intercepts their jets), as eectively derived from their
X-ray number counts (Urry, Padovani & Stickel 1991) and luminosity function (Celotti et
al. 1993). In this framework, RBLs are viewed within 10 15 from the line of sight,
while the relativistic jets in XBLs are oriented at larger angles 15 30 (e.g. Urry &
Padovani 1994); XBLs are then about an order of magnitude more numerous than RBLs.
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In the following, we will refer to this picture as the \Dierent Viewing Angle" hypothesis.
The division of BL Lac objects into RBLs and XBLs is clearly not satisfactory, since
it is not based on intrinsic physical properties but only on the selection band and depends
on survey details. For example, the Imaging Proportional Counter (IPC) Slew
survey (Elvis et al. 1992), an X-ray survey covering most of the sky, has detected many BL
Lacs that were also found in radio surveys. These sources could now be equally classied
as RBLs or XBLs. Approaching the problem from a more physical point of view, Giommi,
Ansari & Micol (1995) have studied the multifrequency spectrum of a large sample of BL
Lacs. They argue that there may be only one population of objects, characterized by a
wide range of energy cutos: at infrared-optical energies for most RBLs, at UV/X-ray or
higher energies for most XBLs. Furthermore, objects with high-energy cuto constitute
about 10% of RBLs: since radio selection should be unbiased with respect to the cuto
energy, Giommi et al. (1995) conclude that break energies in the ultraviolet or X-ray band
are rare; it follows that BL Lacs of the XBL type (i.e. those where the cuto is at UV/X-
ray frequencies) would constitute a minority of the BL Lac population. This scenario will
be henceforth referred to as the \Dierent Energy Cuto" hypothesis. Note that in this
case the situation is reversed with respect to the \Dierent Viewing Angle" hypothesis
which, as mentioned before, requires XBLs to constitute the majority of BL Lacs. We
explain this apparent contradiction as a simple selection eect (see Giommi & Padovani
1994 and 3.1).
In a previous paper (Giommi & Padovani 1994, hereafter Paper I), we have shown
that within the \Dierent Energy Cuto" scenario, the X-ray counts of XBLs can be
reproduced starting from the radio counts of RBLs. The purpose of this paper is to
extend the work of Paper I by deriving the statistical properties of XBLs starting from
a population of BL Lacs of the RBL type. Namely, in 2 we describe in detail our
hypothesis and assumptions, in 3 we compare the X-ray luminosity function (LF), radio
properties, and redshift distribution of XBLs, computed according to our picture, with the
observational data. In 4 we tackle the problem of the negative evolution of XBLs, while
in 5 we examine critically how other observational properties of XBLs t in the \Dierent
Energy Cuto" (and \Dierent Viewing Angle") scenario. The distribution of BL Lacs on
the plane is explained within our hypothesis in 6. Some predictions for future
X-ray surveys are given in 7, while in 8 we discuss and summarize our conclusions.
As in Paper I, we will use the terms \RBLs" and \XBLs" when we refer solely
to the selection band, and \RBL-like" and \XBL-like" when we refer to their energy
distribution. The adopted dividing line between \RBL-like" and \XBL-like" BL Lacs,
based on examination of the energy distributions given by Giommi et al. (1995), is taken
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2. THE \DIFFERENT ENERGY CUTOFF" HYPOTHESIS
2.1 The Radio Luminosity Function and Counts of RBLs
observed
to be 10 , where X-ray uxes cover the 0.3 { 3.5 keV range and are in units
of erg cm s , and radio uxes refer to 5 GHz and are expressed in Janskys (this
corresponds, with = 1, to 0 75 between 1 keV and 5 GHz). Due to obvious
selection eects most (but not all) XBLs are XBL-like and most (but not all) RBLs are
RBL-like. Throughout this paper the values = 50 km s Mpc and = 0 have been
adopted and spectral indices are written .
Our hypothesis has been detailed in Paper I: we summarize here the main points.
We assume that BL Lacs are a single family of objects characterized by a smooth energy
distribution (probably due to the synchrotron mechanism) from radio to Infrared (IR)
frequencies followed by a sharp cuto that is often located in the IR/Optical band and
more rarely ( 10% of the cases) in the Ultraviolet/X-ray band; above this cuto the
emission is much lower and is probably due to Synchrotron Self Compton (SSC) emission.
Under this hypothesis, in Paper I we have derived the X-ray counts of XBLs from the
radio counts of RBLs convolved with the probability distribution of the ratios of X-ray to
radio ux, ( ) (eq. 1 of Paper I). More generally, some properties of XBLs can be
derived from the convolution of the radio counts (luminosity function) of RBLs with the
probability distribution of the ratios of X-ray to radio ux (luminosity). We discuss these
two ingredients in turn.
Our approach requires the knowledge of the radio counts of RBLs down to at least
1 mJy, the minimum radio ux of the XBLs discovered so far, while the only complete
sizeable sample of RBLs has a ux limit of 1 Jy at 5 GHz. Moreover, the counts cannot be
derived from the radio LF of RBLs since this only extends down to 10
W Hz (Stickel et al. 1991), while XBLs can have radio powers an order of magnitude
smaller (e.g. Wolter et al. 1994). Deep radio counts for RBLs were then derived from
the radio LF predicted by the beaming model, which ts the observed LF of the 1 Jy
sample and extends down to 10 W Hz (Urry et al. 1991). We rst start with
the assumption of no evolution for BL Lacs as a class, which is consistent at the 2
level with the observational data for both XBLs and RBLs (the question of the negative
evolution apparently exhibited by XBLs will be addressed in 4). Since the best-t LF
obtained by Urry et al. (1991) was based on the best-t (positive) evolution found by
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2.2 The Distribution for BL Lacs
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Stickel et al. (1991), we rederived the radio LF predicted by the beaming model by tting
the observed LF corresponding to the nonevolutionary case. To this aim, we rst derived
the local radio luminosity function for the 1 Jy sample assuming no evolution. Stickel et
al. (1991) give redshifts for 25 1 Jy BL Lacs, one more (that of 0454+844) was taken from
Stickel, Meisenheimer & Kuhr (1994), four BL Lacs have lower limits from absorption lines,
while four more have only a lower limit of 0 2 obtained from the stellar appearance of
their optical images (Stickel et al. 1993). For the purpose of the LF derivation, we have
set the four lower limits 0 2 (12% of the sample) to = 0 56 [the mean value for
the whole sample derived taking into account the presence of lower limits using ASURV
Rev. 1.1 (LaValley, Isobe & Feigelson 1992), which implements the methods presented in
Feigelson & Nelson (1985)] and considered the other four lower limits as actual estimates.
We note that these assumptions aect the shape of the LF at high powers ( 5 10 W
Hz ) and therefore have only a small inuence on the total number density. Finally, the
radio LF predicted by the beaming model was derived from a t to the observed one as
described in Urry et al. (1991). The t and the data are shown in Figure 1. Dierential
radio counts were obtained from the radio LF assuming = 0 27, the mean value for
the 1 Jy sample, and = 2.
The derivation of the distribution of ratios of X-ray to radio ux obviously requires
X-ray and radio uxes for all objects in the two complete BL Lac samples we employ, i.e.
the 1 Jy (Stickel et al. 1991) and the Observatory Extended Medium Sensitivity
Survey [EMSS] (Stocke et al. 1991) samples. X-ray and radio data for the EMSS BL
Lacs are given by Stocke et al. (1991). In Paper I, X-ray data for 1 Jy RBLs were taken
from Padovani (1992a) (and references therein), i.e. the X-ray uxes in the 0.3 { 3.5 keV
range (which is the X-ray band of the EMSS BL Lacs) were derived from the uxes at
1 keV using the appropriate spectral index, if available, or = 1 (Worrall & Wilkes
1990). This approach can lead to highly uncertain uxes in the 0.3 { 3.5 keV range if
the spectral index has a large error, as is the case for some objects studied by Worrall
& Wilkes (1990). Moreover, the sources of X-ray data in Padovani (1992a) were quite
heterogeneous, since beside IPC observations, they included also EXOSAT Low
Energy (LE) and A2 data. This can lead to problems when converting to the 0.3
{ 3.5 keV energy range, since the former and the latter are respectively softer (0.05 { 2.0
keV) and harder (2 { 10 keV) than the band. To obtain more homogeneous X-ray
data and to facilitate the comparison with the X-ray data of EMSS BL Lacs we decided to
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concentrate on IPC observations. The database was then searched with
the European Space Information System (ESIS; Giommi et al. 1995) and X-ray data were
found for twenty-ve 1 Jy BL Lacs. Fluxes were derived from counts simply multiplying by
3 10 , which is appropriate for column densities and spectral indices typical of BL Lacs.
When multiple observations were available, we took a mean value if the variations were
smaller than about a factor of 2. Otherwise, we used the smallest count rate, in keeping
with the results of Giommi et al. (1990) that BL Lacs, on average, spend less than 10%
of the time in ares that involve X-ray ux variations of factors of 2 or more. (Note that,
as also discussed in paper I, the specic procedure for dealing with X-ray variability does
not signicantly inuence our results.) Where possible, we also checked that these typical
values were roughly consistent with those found by Giommi et al. (1990) with EXOSAT.
X-ray data for 8 more BL Lacs were obtained from counts given by Sambruna et
al. (1994a) for a large part of the 1 Jy sample. For one object (0138{097) no or
data were found but an upper limit obtained with the A2 experiment
(Della Ceca et al. 1990) shows it to belong to the RBL-like class.
As described in Paper I, a key value for our derivation of the distribution for
the whole BL Lac population is the ratio between RBL-like and XBL-like objects in radio
selected samples. This equals 16 (32/2) for the 1 Jy BL Lacs (the two XBL-like objects
being MKN 501 and PKS 2005{489). In trying to reduce the statistical noise we employed
two other radio samples of BL Lacs, namely the S4 ( 0 5 Jy at 5 GHz: Stickel &
Kuhr 1994) and the S5 samples ( 0 25 Jy at 5 GHz: Kuhr et al. 1987; Stickel, private
communication). X-ray data are available for 11 out of 14 S4 BL Lacs, but the remaining
three objects are unlikely to be of the XBL-like type: in that case, in fact, they should
have X-ray uxes in the 0.3 { 3.5 keV band 10 erg cm s and therefore should
have been detected in the IPC Slew survey (Elvis et al. 1992). We derive a ratio
of RBL-like to XBL-like objects 6 (12/2) for the S4 sample. As regards the S5 BL Lacs,
X-ray data are available for 11 out of 13 objects and even in this case the remaining two
objects should have probably been detected in the IPC Slew survey had they been
of the XBL-like type. The ratio of RBL-like to XBL-like objects for the S5 sample is 12
(12/1). In the following we adopt for the ratio of RBL-like to XBL-like objects in radio
samples the mean value for the three samples 10; the (conservative) range for this ratio
Note that 1652+398 (MKN 501) and 1823+568 have been mistakenly classied as a
(normal) galaxy and a QSO respectively in the S4 catalog (Stickel & Kuhr 1994): both
objects are in fact 1 Jy BL Lacs. The number of S4 BL Lacs increases then from twelve
to fourteen.
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3.1 X-ray Number Counts
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is 6 { 16.
The distribution for the whole BL Lac population, ( ), was nally derived
by adding to the fractional distribution of 1 Jy RBLs that of EMSS XBLs weighted
(reduced) by a factor of 10. In doing so, as noted in Paper I, we are trying to estimate
the XBL-like tail of the distribution, undersampled by the 1 Jy RBLs. The nal
distribution was then re-normalized so that ( ) ( ) = 1 and is shown in Figure
2. We note that ( ) is somewhat dierent from the one obtained in Paper I but our
latest derivation is more reliable because it includes all 1 Jy RBLs and also because the
0.3 { 3.5 keV uxes were derived directly from the counts. The lack of objects with
values in the range 3 10 2 10 is probably due to small statistics and the
serendipitous nature of the EMSS survey (see 3.3). This is conrmed by the fact that 5
BL Lacs out of the 44 identied so far in the IPC Slew survey (Elvis et al. 1992;
Schachter et al. 1993a) fall in this range. However, our main results are not very sensitive
to the specic shape of the distribution in this interval. Note also that we assume
no evolution of ( ), i.e. no dependency on redshift and/or luminosity.
In this section we compare some predictions of the \Dierent Energy Cuto" hy-
pothesis with observations, also commenting briey on how the \Dierent Viewing Angle"
hypothesis explains the same data. We emphasize that even if our hypothesis were 100%
correct, we would expect perfect agreement between calculated and observed proper-
ties. This is because of the inevitable uncertainties intrinsic to the two ingredients of our
scheme: the radio LF of RBLs which, although based on a model which reproduces very
well the observed LF, signicantly extends below it; and the distribution for the
whole BL Lac population, whose determination ideally would require a large (and deep)
radio sample (see Paper I). Finally, X-ray variability adds further \noise" both to our
predictions and to the data. We point out that in our scenario we have free parameters.
The X-ray number counts predicted by our hypothesis have been presented in Paper
I. We show in Figure 3 our latest results obtained following eq. (1) of Paper I and using the
newly derived distribution. The predicted X-ray counts are in agreement with results
from various X-ray surveys ( 0 7). In Figure 3 we also present the \bivariate" X-ray
counts for the 1 Jy RBLs, derived simply assigning to each object its X-ray ux, as derived
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in 2.2, and its number density, as obtained from its radio ux in the 1 Jy survey (Stickel
et al. 1991). In our scenario, as stressed in Paper I, XBLs seem to outnumber 1 Jy RBLs
at a given X-ray ux, even though XBL-like objects are intrinsically less numerous, simply
because the two classes sample dierent parts of the BL Lac radio counts. As a consequence
of their higher ratios, in fact, XBL-like objects have lower radio uxes ( 10 mJy)
and since fainter objects are more numerous than brighter ones (the radio counts are
rising), their surface density is higher. Stated dierently, X-ray surveys sample the BL
Lac radio counts at low uxes and mostly detect the 10% of objects with high
ratios. This mechanism works down to an X-ray ux

( )
10 , where is the radio ux at which the radio counts of RBLs converge:
at lower uxes X-ray surveys should nd only RBL-like objects since all XBL-like objects
will have already been detected. The precise value of

depends then on the behaviour of
the radio LF of BL Lacs at very low powers, which is clearly quite uncertain: using the LF
derived in 2.1 one obtains an X-ray ux orders of magnitude below the deepest
surveys. As a consequence of the fact that RBL-like objects will at the end dominate,
being intrinsically more numerous, their fraction should slowly increase in X-ray surveys,
as shown in Paper I (Fig. 2).
We notice that the \Dierent Viewing Angle" hypothesis also explains the observed
X-ray number counts of BL Lacs (Padovani & Urry 1990).
The procedure followed to predict the X-ray LF for XBLs is similar to that adopted
for the derivation of the number counts. Namely, we rst obtained the distribution
for RBLs and XBLs, where is the X-ray luminosity in the 0.3 { 3.5 keV band and is
the radio power at 5 GHz. A spectral index = 1 was assumed for both RBLs and XBLs,
while radio spectral indices between 2.7 and 5 GHz for RBLs were taken from Stickel et
al. (1991). As regards XBLs, spectral indices between 1.5 and 5 GHz were derived for 15
EMSS BL Lacs from the data given in Perlman & Stocke (1993) and Stocke et al. (1991),
while for the remaining objects the mean value = 0 20 was assumed. The probability
distribution for the whole BL Lac population ( ) was then obtained by adding to
the normalized distribution of RBLs that of XBLs weighted by a factor of 10, as derived
in 2.2. The X-ray LF of XBLs, ( ), is then related to the radio LF of RBLs, ( ),
(derived in 2.1) through the following equation:
( ) = ( ) ( ) (1)
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We compare our predictions with the X-ray LF for the EMSS subsample of 30 BL
Lacs with 2 10 erg cm s (Wolter et al. 1994). We followed the method of
Avni & Bahcall (1980) to take into account the fact that the volume surveyed in the EMSS
is a function of limiting ux. Redshifts, uxes, and sky coverage were taken fromWolter et
al. (1994). Five objects in the sample have no redshift determination: these were initially
excluded from the sample but their presence was taken into account by multiplying the
normalization of the resulting LF by 30/25. In keeping with the assumption of no evolution
for the BL Lac class, no evolutionary corrections were made in the derivation of the LF.
The X-ray LF predicted by our hypothesis is shown in Figure 4. Our predictions
are reasonably consistent with observations: a formal analysis gives 2 2, which
drops to 1 8 excluding the two BL Lacs with still uncertain redshifts in the sample
(Stocke, private communication: both objects happen to end up in the rst bin, i.e. the one
which disagrees most with the predicted LF), and renormalizing by the factor 30/23. The
reduced would of course decrease even further if one took into account the possible range
of normalization in our predicted LF of a factor of 50% due to the corresponding range
in the weighting factor (i.e. the ratio of RBL-like to XBL-like objects in radio samples)
derived in 2.2 (6 { 16). In Figure 4 we also show the LF for RBL-like objects to be
found in X-ray surveys. As in the case of the number counts, their fraction is predicted to
increase with decreasing luminosity until they outnumber XBL-like objects. This happens
at 10 10 erg s , but this value is quite uncertain since it depends on the low
luminosity part of the radio LF derived in 2.1. Note that the X-ray LF of RBL-like
objects has to t, by construction, the bivariate X-ray LF of the 1 Jy BL Lacs of the RBL
type: the former is in fact derived from eq. (1) using ( )(RBL-like), which coincides
with the distribution of the 1 Jy sample (excluding the two XBL-like objects). If
( ) ts the observed radio LF of the 1 Jy BL Lacs, ( ) obtained from eq. (1) will
then t their bivariate X-ray LF.
The predictions of the \Dierent Viewing Angle" hypothesis seem also to t the X-
ray LF of the EMSS BL Lacs derived for the minimal evolution allowed by the data, i.e.
basically for the zero evolution case (Celotti et al. 1993; Wolter et al. 1994). The X-ray
LF for RBL-like objects is, in their model, simply equal to that of XBL-like objects scaled
down by the number density ratio between the two populations: the shape of the two X-ray
LFs is then predicted to be the same, with XBL-like objects outnumbering RBL-like ones
X-ray luminosities, at variance with our results.
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Our approach allows us also to predict the properties of XBLs. For example,
the radio ux distribution (per unit area) of an X-ray selected sample at a given X-ray
ux is simply
( ) = ( ) ( ) (2)
where ( ) represents the dierential radio counts, derived as described in 2.1. The
distribution extends between = ( ) and = ( ) . One can
then obtain the mean value of the radio ux at any X-ray ux and compare it with the
observed distribution on the radio ux { X-ray ux plane. This is displayed in Figure
5, which shows that the EMSS BL Lacs cluster around the predicted mean relationship
between radio and X-ray ux. In particular, the strong correlation observed between
the two uxes for the EMSS BL Lacs (signicant at the 99.9% level) is consistent with
our predictions. It can be noted in the gure, however, that the observed distribution
diers from our predictions at the opposite ends of the X-ray ux range. Namely, around
10 erg cm s all the EMSS BL Lacs are the predicted mean relationship,
i.e. they all have radio uxes smaller than the predicted average for this X-ray ux, while
for 5 10 erg cm s the EMSS BL Lacs are our predictions, i.e. they
all have radio uxes larger than the predicted average. We interpret these dierences
as follows: objects with relatively high X-ray and radio uxes are missing because they
were probably well known BL Lacs chosen as targets of the IPC observations and therefore
excluded by denition from the EMSS, that only includes serendipitous sources. As regards
objects with relatively small X-ray and radio uxes, we think that here another eect
applies: Browne & March~a (1993) have suggested that the EMSS might misclassify some
optically faint BL Lacs whose light is swamped by the host galaxy, which is typically a
bright elliptical. This would aect more and more objects for progressively smaller X-
ray uxes (see their Fig. 5) and in particular those with faintest optical uxes. Given the
correlation between radio and optical luminosities of BL Lacs (Morris et al. 1991; Padovani
1992a), at low X-ray uxes the EMSS could be biased against the BL Lacs with the smallest
radio uxes. The \Browne & March~a eect" (with its inuence also on ) will be
discussed in detail in 4.
Figure 5 shows also the location of the 1 Jy BL Lacs on the radio ux { X-ray ux
plane. Since a radio ux limit of 1 Jy is relatively high, the dynamic range is small and
most objects appear to be \squashed" near the survey limit. Note also that RBLs and
XBLs reach similarly low X-ray uxes only because the 1 Jy ux limit and the ( )
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line happen to intersect around 10 erg cm s .
As noted in Paper I, we can also calculate the radio ux distribution (per unit area)
of an X-ray ux-limited sample ( ), given by the integral with respect to the X-ray
ux of eq. (2):
( ) = ( ) ( ) (3)
where and , previously dened, give the X-ray ux range which contributes
to the radio ux distribution. Multiplying eq. (3) by the area surveyed or convolving
the integrand with the appropriate sky coverage gives the radio ux distribution to be
expected in an X-ray survey.
We have done this calculation using the sky coverage of the EMSS BL Lac sample
of Wolter et al. (1994). Figure 6 shows the comparison between our predicted radio ux
distribution and the observed one for that sample: we predict a mean value of 6.3 mJy,
quite close to the observed one of 9.1 mJy. The two distributions, however, are only
marginally consistent (a Kolmogorov-Smirnov [KS] test gives a 94% probability that they
are dierent). This is partly because we predict about 5 objects with 50 mJy (while
none is observed) but mostly because we would expect more objects with 5 mJy than
actually observed. In particular, no EMSS BL Lac has a radio ux 1 mJy. As discussed
above, we attribute the rst dierence to the serendipitous nature of the survey and the
second to the incompleteness eect discussed by Browne & March~a (1993; see 4 for more
details).
We have also predicted the radio ux distribution to be expected in the
IPC Slew survey (Elvis et al. 1992) using the sky coverage derived by Schachter, Elvis &
Szentgyorgyi (1993) for the high-latitude sky ( 20 , excluding also the Large Magel-
lanic Cloud [LMC], Small Magellanic Cloud [SMC], and M31). X-ray uxes were derived
as before multiplying by 3 10 the IPC count rates. Radio uxes for the 37 high-
latitude BL Lacs detected so far (Elvis et al. 1992; Schachter et al. 1993a) were obtained
from Stickel et al. (1991), Schachter et al. (1993a), Stocke et al. (1991), Giommi et al.
(1991), and cross-correlating the Slew survey with various radio catalogs using ESIS. The
predicted and observed distributions are compared in Figure 7. Despite the fact that the
Slew survey is still not completely identied, our predictions agree well with the shape
and the range of its radio ux distribution: a KS test gives only a 42% probability that
the two distributions are dierent. This is at odds with our results for the EMSS sample,
but we think this can be understood if we consider that: 1. the Slew Survey does not
suer from the loss of the well-known bright radio sources that were chosen as targets of
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3.4 Redshift Distribution
the observations (i.e., it is not a serendipitous survey); 2. given its fairly high
ux limit, this survey is essentially not aected by recognition problems a la Browne &
March~a, which would produce a decit of sources at low radio uxes. We predict 61
high-latitude BL Lacs in the Slew survey, as compared to the 37 identied so far, which
is consistent with the fact that the survey is still not completely identied, especially at
southern declinations, and that 80% of the BL Lacs detected have 0 .
The radio LF of XBL-like objects in our scenario is easily derived: since they represent
10% of RBLs and we have assumed their fraction to be independent of redshift and/or
luminosity, their radio LF should be equal to that of RBLs scaled down by a factor of
10. This ideally should be compared with the radio LF of XBL-like objects found in
radio surveys, at present a negligible number (two objects in the 1 Jy sample). The latter,
however, should be approximately equal to the bivariate radio LF of XBLs, derived for the
EMSS BL Lacs by Celotti et al. (1993) and Wolter et al. (1994) for the minimal evolution
allowed by the data. Their results agree with our predictions, in that in the (small) region
of overlap the two radio LFs are similar and the XBL one is indeed scaled down by about
an order of magnitude from the RBL one. The interpretation of these results in terms of
the \Dierent Viewing Angle" hypothesis is of course dierent: despite the fact that XBLs
are intrinsically more numerous in their model, the radio amplication is lower because
these objects are seen o their radio axis and so their radio LF is shifted to lower radio
powers, mimicking a number density eect (Celotti et al. 1993).
The redshift distribution expected under our hypothesis for the Wolter et al. (1994)
sample ( 2 10 erg cm s ) was derived from the X-ray LF obtained in 3.2,
assuming = 1, = 2 and no evolution. This was then convolved with the sky
coverage of the sample and compared with the redshift distribution of the 23 EMSS BL
Lacs with rm redshifts. Our predictions are inconsistent with observations, as shown in
Figure 8. (Note that the shape of the predicted redshift distribution is basically unchanged
for the ratio of RBL-like to XBL-like objects in radio samples ranging from 6 to 16.) This
was not unexpected: as mentioned in the Introduction, the evolution which ts best the
EMSS sample is a negative one, i.e. XBLs seem to be more abundant and/or luminous
at lower redshifts. This explains why our predictions, which assume zero evolution, fail to
explain the observed redshift distribution of the Wolter et al. (1994) sample. In the next
section we investigate possible causes of the apparent negative evolution of XBLs.
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4. THE NEGATIVE EVOLUTION OF THE EMSS BL LACS
4.1 The Evolution of BL Lacs
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We have mentioned in the Introduction that while 1 Jy RBLs show a weak positive
evolution, consistent at the 2 level with no evolution ( = 0 60 0 05 : Stickel
et al. 1991), XBLs display a evolution ( = 0 36 0 05: Wolter et al.
1994). For example, for a luminosity evolution of the form ( ) = (0) [ ( )],
where ( ) is the look-back time, Wolter et al. nd for their sample of XBLs a best t
value of = 7 0 with a 2 range of 15 9 to 1 3, consistent at 2 level with zero
evolution (as is the case for RBLs). For comparison, Stickel et al. (1991) found for their
sample of 1 Jy RBLs = 3 1 ( = 1 in their notation) with a 1 range of 1.7, 4.2.
The positive evolution of 1 Jy RBLs should be taken with care because of the relatively
small statistics and signicance. Furthermore, for the fourteen BL Lacs of the S4 survey
we derive = 0 44 0 08 , i.e. a value 0 5 but consistent with zero evolution
at the 1 level. As regards XBLs, our method of deriving the properties of XBLs
starting from those of RBLs does not introduce any dependence on redshift or luminosity.
The evolutionary properties of XBLs are therefore expected to be the same as those of
RBLs. In trying to reconcile their seemingly dierent evolutions within our hypothesis
we need then to consider eects that are local to the X-ray band, such as incompleteness
due to recognition problems (Browne and March~a 1993) and K-corrections. To better
understand this issue we have carried out extensive simulations of X-ray surveys starting
from the observed properties of BL Lacs selected in the radio band under the assumptions
described in 2. Note that the \Dierent Viewing Angle" hypothesis does not provide
any explanation for the dierent evolution of RBLs and XBLs.
The evolutionary properties of a sample can be characterized by the mean value of
the ratio between , the volume enclosed by an object, and , the maximum accessible
volume within which the object could have been detected above the ux limit of the sample.
In the absence of evolution has the property of being uniformly distributed between
0 and 1, with a mean value of 0.5. When the survey is made up of separate elds with
dierent ux limits, as is the case for the EMSS, it is more appropriate to use ,
that is the ratio between and volume (Avni & Bahcall 1980).
We assumed the sample to be also optically limited with = 20, as is the case
for the 1 Jy sample, and we assigned = 0 33 to the three objects (21% of the
sample) without a redshift determination. Note that this has only a small inuence on
.
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4.2 Simulated X-ray Surveys
Einstein
Simulations of X-ray surveys have been performed as follows. Using the Monte Carlo
method we draw a value of the redshift and radio luminosity using the radio LF of RBLs
derived in 2.1, i.e. the extrapolation to low powers of the best t LF of the 1 Jy sample
assuming no evolution. We then draw a value for the X-ray ux of this simulated radio
source using the distribution of derived in 3.2. The BL Lac so simulated is
accepted as part of the X-ray survey if its X-ray ux is above the chosen survey limit.
Even if the source is accepted it might not be recognized as a BL Lac because of the
eect described by Browne & March~a (1993). To take this eect into account, to every
accepted source we assign an apparent optical magnitude by drawing a value from the
observed distribution of ratios of X-ray to optical ux ( ) that is appropriate for its
ratio. We have estimated the distributions by binning the distribution
and by building the normalized histograms of observed values in every bin from the 1
Jy sample and from the EMSS surveys. Optical data for 1 Jy RBLs were taken from
Padovani (1992a) (and references therein), while those for the EMSS BL Lacs are from
Stocke et al. (1991). Once the redshift and the apparent of the BL Lac are known, the
magnitude of its parent galaxy is obtained by applying the Monte Carlo method to the
expected magnitude distribution for giant ellipticals derived in Browne & March~a (1993).
Given the redshift and magnitudes of the BL Lac and of its parent galaxy we apply the
prescriptions of Browne & March~a to establish whether the BL Lac is recognized as such or
it is misclassied because of the dominance of the parent galaxy. In simulating the
EMSS we have taken into account the sky coverage as given in Wolter et al. (1994) by
running as many simulations as the number of bins into which the sky coverage has been
divided. In each bin the number of sources was estimated from the X-ray ux of the bin
and the expected counts as derived in 3.1 (see Figure 3). The actual number of sources in
each bin was then obtained by randomizing the expected number using Poisson statistics.
To estimate the inuence of the recognition problem on the and redshift
distribution of the EMSS BL Lacs, we have run the simulation program 50 times with the
following results: an average number 4 5 2 1 of sources were misclassied because of the
\Browne & March~a eect", while the mean value for the 50 simulations was =
0 49 0 05, with a minimum of 0.41 and a maximum of 0.59. Moreover, the redshift
distribution of the simulated survey is still signicantly dierent from the observed one.
We conclude that recognition problems are not sucient to explain the low value of
and the redshift distribution of the EMSS. A similar conclusion (regarding the
only) was reported by March~a & Browne (1994).
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Since we predict about 45 BL Lacs in the Wolter et al. (1994) sample, an average
number of \lost" sources 4 5 means that this sample is probably aected by an 10%
incompleteness due to the \Browne & March~a eect". Subtracting these sources and the
5 objects with large radio uxes, probably targets of the IPC observations, we are left
with 35 EMSS BL Lacs, in rough agreement with the 30 objects actually observed.
The percentage of BL Lacs missed by the EMSS because of the \Browne & March~a
eect" in dierent radio ux bins is shown in Figure 9. As predicted qualitatively in
3, the eect is strongest at lower uxes and a large fraction of the objects ( 40%)
goes unrecognized below 1 mJy. Including the \Browne & March~a eect" and taking into
account also the serendipity of the survey by imposing a maximum radio ux of 0.1 Jy to
our predictions, the observed radio ux distribution of the EMSS sample is fully consistent
with the predicted one according to a KS test (which gives only a 45% probability that
the two distributions are dierent).
In the previous simulation the K-correction in the radio band was calculated assuming
a power law spectrum with index = 0 27 while in the X-ray band an energy index
= 1 0 was assumed, as in the EMSS. Detailed X-ray spectral tting of XBLs, however,
shows evidence for a wide range of spectral indices and in several cases also for a spectrum
that steepens at high energy with a break in the soft/medium X-ray band (Madejsky
1985; Barr, Giommi & Maccagni 1988; Barr et al. 1989; Sambruna et al. 1994b). This
would be consistent with our hypothesis that XBLs have a cuto in the UV/X-ray band,
which would imply that we should see there the steep tail of the synchrotron emission (e.g.
Ghisellini, Maraschi & Treves 1985).
In the next set of simulations we consider the eects of the K-correction parametrizing
the shape of the X-ray spectrum as a double power-law with a break at and energy
indices below and above the break and , or as a single power law with an exponential
cuto, i.e. . We xed = 1 2 as found by Sambruna et al. (1994b) and
varied and .
Within the simulation the observed X-ray ux now depends on the source redshift
and on the assumed spectral shape. In the case of a steep spectrum many high redshift
sources that were close to the survey limit for a simple power law with = 1 0 fall below
the X-ray ux limit because of the K-correction thus changing the redshift distribution of
the survey. Thirty simulations were run for every set of parameters, with in the range
1.6 { 2.0 and between 1 and 2 keV. In all cases the was calculated following
Avni & Bahcall (1980) and taking = 1 0 as assumed by Wolter et al. (1994) for the
EMSS BL Lacs (had we used our assumed spectral shape we would have of course obtained
= 0 5 in all cases). The Browne & March~a (1993) eect was also included.
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The results of these simulations are the following: decreases down to 0.47
{ 0.48, which means that the K-correction has only a small inuence on the inferred
evolution. Moreover, taking into account the fact that the EMSS, being a serendipitous
survey, excludes by denition the well-known BL Lacs (see 3.3) and therefore removing
the sources with 0 1 Jy, we obtain 0 5. What happens is that objects
with high radio ux have also, on average, a high X-ray ux and so a small value of
[recall that in a Euclidean universe = ( ) and even in a Friedmann-
Robertson-Walker cosmology the larger the ux, the smaller ]; therefore the two
eects practically cancel each other out.
As regards the redshift distribution, a spectral shape with an exponential cuto and
= 2 keV produces a broad peak at 0 1 0 4 (much smaller than the observed one
at 0 2 0 3). This is shifted to 0 3 0 4 by the \Browne and March~a eect",
which aects mostly objects of low redshifts, with the predicted redshift distribution still
disagreeing with the observed one.
Another eect that could explain the apparent negative evolution of the EMSS BL
Lacs is the following: in our picture, XBLs are those relatively rare objects with cutos at
high energies. It could be argued that they are a minority because it is more dicult to
accelerate the electrons to the energies required for a cuto in the X-ray band. It is then
possible that moving to higher redshifts, and therefore higher rest-frame X-ray frequencies,
one is more likely to be above the cuto, with the consequence that X-ray emission, for
which the steep synchrotron tail would be responsible, gets reduced (at least up to the
energy [redshift] at which Compton emission starts to dominate). This would introduce
a spectral evolution that could mimic a negative evolution, i.e. a dearth of high redshift
XBL-like objects. Unfortunately, given the number of parameters involved and the lack of
data, it is at present impossible to quantify such an eect in a meaningful way. Detailed
X-ray spectral tting of high-redshift XBL-like BL Lacs would be very valuable to test
this idea.
We have left until last the simplest way to obtain a negative evolution for XBLs
starting from an assumed zero evolution of RBLs: an \ad hoc" redshift or luminosity
dependence of the (and therefore ) distribution. This could be physically
explained, for example (at least qualitatively), by the previous point on the cuto energy.
As just mentioned, though, we do not feel that this approach would be justied, given
the freedom that we would have in choosing this dependence. Moreover, there is no
evidence for any relationship between the ratio and redshift for the EMSS and 1
Jy BL Lacs: the only feature which could be suggestive of some dependence is the fact
that the highest redshift of the EMSS BL Lacs is 0 6 while 1 Jy BL Lacs reach 1.
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5. OTHER XBL PROPERTIES
ROSAT
5.1 Core-dominance
Furthermore, the four XBL-like objects in the 1 Jy, S4 and S5 samples (one object is in
fact common to two samples) have all 0 1. The signicance of these occurrences,
however, is hard to establish at the light of the small numbers involved and the lack of
redshift determinations for about 20% of the EMSS BL Lacs. Larger samples are needed
to investigate the possibility that ( ) changes with cosmic time.
Finally, we feel that the signicance of the inferred negative evolution for the EMSS
sample should be assessed with larger and deeper samples, which could be extracted from
catalogs of serendipitous sources (e.g. White, Giommi & Angelini 1994). The
EMSS BL Lac sample is in fact still quite small. Moreover, Della Ceca (1993) has shown
that making a cut in X-ray ux at 10 erg cm s in the EMSS sample of Morris
et al. (1991), the mean changes from 0 33 0 06 to 0 48 0 06, which is perfectly
consistent with no evolution. This is quite remarkable, considering that the cut in X-ray
ux aected only two objects. (The same eect also applies to the Wolter et al. sample,
since for X-ray uxes larger than 10 erg cm s the two samples coincide.)
In Paper I and here we have proposed a new explanation for the class of X-ray selected
BL Lacs as a whole. It is therefore important to check how (and if) our scenario explains
other observational properties of XBLs, besides those studied in 3, and also to see how it
fares in comparison with the \Dierent Viewing Angle" hypothesis. In 3 we have already
shown that both hypotheses seem to explain the X-ray number counts, X-ray and radio
LF of XBLs.
Radio data for XBLs show their core dominance and radio power to be smaller than
those of RBLs (Perlman & Stocke 1993; Morris et al. 1991; Padovani 1992a). Optical data
show that XBLs display lower polarization percentages and lesser amount of variability
(Jannuzi et al. 1994), and that they are more contaminated by starlight (Morris et al.
1991) than RBLs. On the whole, the main dierence between RBLs and XBLs seems to
be that the latter are less extreme than the former. We now address these dierences in
turn.
Recent papers have studied the radio structure of sizeable samples of XBLs: Perlman
& Stocke (1993) have obtained radio maps of a complete subsample (14 objects) of the
Morris et al. (1991) EMSS sample; Laurent-Muehleisen et al. (1993) have analyzed the
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radio structure of 15 A3 XBLs. Moreover, the core-dominance parameter
(i.e. the ratio between the core and extended radio emission) is also available for 24 out
of the 44 BL Lacs identied so far in the IPC Slew survey (Elvis et al. 1992;
Schachter et al. 1993a), mostly in Laurent-Muehleisen et al. (1993), Perlman & Stocke
(1993) (who give also data for BL Lacs other than the EMSS ones), and the compilation
by Padovani (1992a). When necessary values have been extrapolated at 5 GHz by
assuming = 1. The range of derived for the three samples of XBLs
is compared in Figure 10 with the distribution at 5 GHz for 31 out of 34 1 Jy BL Lacs,
updated from Padovani (1992a) using recent data from Kollgaard et al. (1992) and Murphy
et al. (1993) plus some lower limits from Ulvestad et al. (1981). The hatched areas refer
to RBL-like objects, which span a range of core-dominance 1 1000 , while XBL-like
objects have similar lower values but reach only values as high as 100. The only BL
Lacs above this limit in X-ray surveys are in fact RBL-like.
The striking implication of Figure 10 is that the distribution of XBL-like objects is
with the \Dierent Viewing Angle" hypothesis. Consider in fact the following:
the minimum value of in the beaming scenario (see e.g. Padovani & Urry 1992) is
= ( ), being the ratio between intrinsic jet power and diuse, unbeamed
power, the Doppler factor, equal to [ (1 cos )] , the critical angle, that is the
maximum angle to the line of sight of the radio jets of a given class, and = 3 + or
2+ in the simplest models, with being the spectral index. Using the value of 0 013
derived in 2.1, = 3 + 2 7 as assumed in Urry et al. (1991), and = 31 as found
by Padovani & Urry (1990) for XBLs, one obtains 0 02 for = 5, the minimum
value of the Lorentz factor distribution of RBLs found by Urry et al. (1991), and smaller
values for larger 's. If = 3 or = 2+ 1 7 which, as discussed by Urry et al. (1991),
would still give a good t to the radio LF of 1 Jy RBLs, 0 1. It follows that the
beaming model with XBLs forming angles as large as 30 with the line of sight predicts
minimum values of the core-dominance parameter between 10 to 50 times than
actually observed. This inconsistency has also been noted by Perlman & Stocke (1993). A
similar argument applies to the maximum value = ( ): it can be shown that if
XBLs are viewed at angles with respect to the line of sight 10 15 , that is below those
The true values can be smaller than previously published lower limits, in cases
where the diuse radio emission is resolved out by observations with a higher dynamic
range (e.g. Perlman & Stocke 1994). Given the small fraction ( 20%) of such limits in
the 1 Jy sample and the even smaller fractions in the other samples, this is not likely to
aect any of our conclusions.
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values the objects are classied as RBLs (Urry et al. 1991; Ghisellini et al. 1993), they
should reach values of 1, a factor of 100 than actually observed. Similar
results are obtained with the best t parameters obtained by Celotti et al. (1993) with
their \Wide Jet" model: taking in fact for XBLs = 13 , = 4 , = 29, = 6 10 ,
and = 3 one derives 0 01 and 9, both values being inconsistent with
observations by two and one order of magnitudes respectively. The main conclusion is
that the observed range of the core-dominance parameter for XBL-like objects, coupled
with a beaming model which works for RBLs, is inconsistent with these objects being at
intermediate angles between RBL-like objects and FR Is.
It could be argued that the model is too simple, e.g. one could invoke a distribution
of the ratio between intrinsic jet power and diuse power (at present assumed to be
characterized by a single value), and/or an isotropic core component (which would change
the relationship between and ), and then try to t all observations. But it is clearly
very dicult, unless perhaps some parameters were forced to depend on others \ad hoc",
to reproduce two largely overlapping distributions with two non overlapping ranges of
angles. One way to obtain similar values of independently of the angle would be
to have a distribution of Lorentz factors extending down to 1. In that case, and if the
Lorentz factor distribution were weighted towards lower values, for all critical
angles (because 1). This would have, however, two major drawbacks: 1. it would be
to obtain a BL Lac radio LF consistent with the observed one; 2. the majority
of RBLs would be unbeamed, i.e. their Doppler factors would be 1, contrary to other
observational evidence.
One can also make an \almost" model independent argument against the proposed
range of angles for XBLs: in the unied scheme for high-power radio sources, steep-
spectrum radio quasars are thought to be the intermediate class between at-spectrum
radio quasars and FR II radio galaxies. The angles involved in that case, derived from
comparisons of linear sizes (Barthel 1989), ts to the observed LFs (Padovani & Urry
1992), and Synchrotron Self Compton arguments (Ghisellini et al. 1993), are quite similar
to the ones thought to apply to XBLs according to the \Dierent Viewing Angle" hypoth-
esis, i.e. the radio jets of steep-spectrum radio quasars are believed to form angles between
15 and 40 with respect to the line of sight. Furthermore, the Lorentz factors involved are
also quite similar to those inferred for BL Lacs (Padovani 1992b). However, the class of
steep-spectrum radio quasars basically coincide with that of lobe-dominated radio quasars,
i.e. their values of are in the range 0 01 1 (e.g. Padovani & Urry 1992), at variance
with XBLs. In other words, all the available evidence suggests that if XBL-like objects
were an intermediate class, they should be \lobe-dominated" BL Lacs: this is ruled out
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5.2 Optical Properties
by observations.
We have discussed at length the issue of the core-dominance parameters of XBL-like
objects because this is a major problem for the \Dierent Viewing Angle" hypothesis. Our
own interpretation of the data is simple: XBL-like objects span the same angles as RBL-
like ones, since we have said that intrinsically the two classes coincide. The former are not
as extreme as the latter (i.e. they do not reach the same values of ) simply because
X-ray surveys sample the radio LF of BL Lacs at lower powers. Since = (1 + ) ,
where is the extended radio power (using the beaming formalism of Padovani & Urry
1990), it follows that = 1 and therefore objects with higher radio
luminosity will be more core-dominated and generally slightly more beamed (note that a
factor 10 in corresponds only to a factor 10 2 3 in the Doppler factor).
We stress that this will be true only over a wide range of radio luminosities because of
the dispersion introduced by the range of extended radio powers of FR I radio galaxies. It
is obvious, though, that since FR Is reach at maximum 10 W Hz , with the
great majority of objects below 10 W Hz (e.g. Morganti et al. 1993), BL Lacs with
radio powers larger than these values (which means 60% of the 1 Jy sample) will have
1, as eectively observed, and so are forced to be more core-dominated
than lower luminosity objects. As mentioned above, the smaller radio powers of XBLs are
easily explained by the fact that X-ray surveys sample the radio LF of BL Lacs at low
powers.
The optical polarization properties of XBLs have recently been studied by Jannuzi
et al. (1994). Their main ndings are the following: 1. the majority ( 70%) of the
objects in their sample have 3%, that is they are above the usual dividing line for
signicant polarization; 2. the maximum observed polarization of XBLs is 10%,
to be compared with 30 40% of RBLs (e.g. Impey & Tapia 1990 and references therein).
Jannuzi et al. (1994) argue that the lower polarization of XBLs is not due to dilution by
the more dominant host galaxy. Figure 11 shows vs. radio power at 5 GHz for the
1 Jy RBLs (polarization data compiled by Stickel, Fried & Kuhr 1993) and the EMSS
XBLs studied by Jannuzi et al. (1994). Polarization observations for about 65% of the
BL Lacs identied so far in the Slew survey are also available in the literature (mostly in
Jannuzi et al. 1994, Stickel et al. 1993, and Schwartz et al. 1989a) and the corresponding
data are also plotted in Figure 11. Note that values of 20% are reached only by
objects with radio power 10 W Hz , which are all RBL-like. As in the case of the
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core-dominance parameter, XBL-like and RBL-like objects have similar lower values of
but the latter reach higher values. We interpret this eect, as before, as due to the
fact that it is more likely to nd strongly beamed objects at higher powers than it is at
lower ones. The interpretation of the \Dierent Viewing Angle" hypothesis would be that
XBL-like objects have both low values of radio power and because of their larger
angle with respect to the line of sight. Since to connect the observed polarization with a
given orientation one needs to know the orientation and distribution of the magnetic eld
in the jet (e.g. Bjornsson 1982), at present it is not possible to test in a quantitative way
the predictions of the two hypothesis, as in the case of the distributions: they are both
qualitatively in agreement with observations. Two points can be made, however: 1. Kartje
& Konigl (1991) have used a simple model to test if the optical polarization of XBLs can
be attributed to the beamed synchrotron component responsible for the polarization of
RBLs. Their results are negative: if XBLs are seen at large angles with respect to the line
of sight (larger than those typical of RBLs), then the rapid decrease in the polarized ux
outside the beaming cone results in very low polarizations ( 1 2%) predicted for XBLs,
at variance with observations; 2. the class of steep-spectrum/lobe-dominated radio quasars
is overall not highly polarized ( 3%: e.g. Wills et al. 1992). As stated above, these
objects are believed to have similar radio Lorentz factors and orientation as the XBL-like
objects in the \Dierent Viewing Angle" scenario. Under the hypothesis that the optical
beaming factors are also similar, one could expect the same polarization properties for the
two classes, contrary to observations.
As regards optical variability, XBLs display smaller variations than generally observed
for RBLs (e.g. Jannuzi et al. 1994). Again, the same pattern seems to be present, i.e.
RBL-like objects are more extreme than XBL-like ones, in qualitative agreement with our
hypothesis. In fact, since and  1 , then for large variations ( )
  , and more beamed objects are expected to be more variable. As before,
the same argument applies to the \Dierent Viewing Angle" hypothesis, which is also
in qualitative agreement with the data. In this case XBL-like objects should be much
less variable than RBL-like objects, as compared to our scenario, since the dierence in
beaming factors would be much more pronounced. In addition, for RBL-like objects the
cuto is located at frequencies below the optical band, at variance with XBL-like objects.
It then follows, that for a given (small) variability of the Synchrotron emission, a larger
variation should be seen just above the break where the spectrum is very steep and possibly
hardening (e.g. Giommi et al. 1990). This eect applies also to XBL-like objects but only
at much higher energies.
Finally, the fact that XBLs are more contaminated by starlight (Morris et al. 1991) is
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5.3 Other X-ray Properties
ROSAT
explained in our scenario as follows: since XBLs have low radio powers, because of the eect
of X-ray selection, and given the correlation between the radio and optical luminosities of
BL Lacs (Morris et al. 1991; Padovani 1992a), in the optical band the non-thermal (BL
Lac) component is expected to be dominated by the host galaxy, which is generally a giant
elliptical (e.g. Stickel et al. 1991). This implies also that it will be harder to discover XBLs
as compared to RBLs, in agreement with the suggestion of Browne & March~a (1993).
As discussed in the previous section, XBLs are expected to be intrinsically less lumi-
nous than RBLs at radio and optical wavelengths. What about their X-ray luminosities?
Recall that the similar X-ray luminosities of XBLs and RBLs represented one of the main
observational bases of the \Dierent Viewing Angle" hypothesis (Maraschi et al. 1986).
We believe this similarity to be simply due to the high ratio of XBLs, one of their
dening characteristics, which implies that even if their radio luminosities are much small-
er than those of RBLs (because they belong to the low luminosity part of the radio LF),
their X-ray luminosities can be similar. In other words, their high values happen to
compensate for their small radio powers. Another way to look at this is to note that the
RBLs and XBLs studied so far cover, by chance, similar X-ray ux ranges (see 3.3 and
Fig. 5). Considering also that the mean redshifts for the two classes are within a factor of
2, it follows that the X-ray luminosities are bound to be similar. This does not necessarily
hold for deeper BL Lac samples. For example, our simulations show that the distribution
of X-ray luminosity in a radio survey with a ux limit of 1 Jy and in an X-ray survey with
ux limit of 5 10 erg cm s are similar and both peak at around 5 10 erg s .
The corresponding distribution in a radio survey with ux limit of 10 mJy peaks instead
at 10 erg s .
In our scenario the X-ray emission of RBLs is mostly due to the inverse Compton
mechanism, while it is dominated by the synchrotron process for the case of XBLs. The
X-ray spectral index of RBLs should therefore be atter than that of XBLs. Evidence that
this dierence might indeed be present has been found in EXOSAT and data as
reported by Sambruna et al. (1994b) and Perlman (1993).
Our hypothesis can also explain the fact that XBLs and RBLs occupy dierent regions
on the plane (where the eective spectral indices are dened in the usual way
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and calculated between the rest-frame frequencies of 5 GHz, 5000

A, and 1 keV). Let us
approximate the multifrequency spectrum of XBL-like objects with cuto at very high
energies as follows: between radio and optical energies, between
optical and X-ray energies, above the Synchrotron break (with ).
Consider now an XBL-like object with the break above the X-ray band: its spectrum is a
simple double power-law (up to X-ray energies) with eective spectral indices =
and = . As soon as the break starts moving to smaller energies, the X-ray emission
gets depressed as compared to the optical (and radio) band because of the steeper energy
distribution entering the X-ray band: therefore, gets steeper (i.e. it increases). We
assume that this continues until the break reaches optical frequencies: at this point, in the
X-ray band Inverse Compton (SSC) emission starts to dominate and from now on the X-ray
ux is independent of the position of the break and proportional to the radio ux (i.e.
is constant). The object is by now of the RBL type. As soon as the break moves to even
lower frequencies, two things happen: since the optical emission gets fainter and fainter
with respect to the radio, gets steeper (i.e. it increases); for the same reason, and since
the X-ray level is now xed with respect to the radio, gets atter (i.e. it decreases).
All this is shown in Figure 12 for = (EMSS) 0 37, = (EMSS) 0 7
and 1 9, with the points corresponding to some break frequencies also indicated. In
the same gure we plot the positions of the 1 Jy and EMSS BL Lacs and the dividing line
between RBL-like and XBL-like objects, i.e. the locus of the objects with = 0 75. The
1 Jy BL Lacs cluster around the predictions of our model surprisingly well (while the EMSS
BL Lacs agree with the model by construction). The puzzling bimodality displayed by BL
Lacs on the plane can then be easily explained as the result of an energy break
migrating from X-ray (XBLs) to optical/infrared (RBLs) frequencies. (The break does not
have to be as sharp as we assumed in our schematic representation: a global curvature
of the spectrum, as observed in the multifrequency spectra of BL Lacs, will produce a
similar eect.) Furthermore, according to our simple model, the X-ray emission of RBLs
is primarily due to the SSC process, while that of XBLs is predominantly synchrotron
emission. We could therefore name the horizontal area occupied by XBL-like objects the
\Synchrotron branch" and the band occupied by RBL-like objects the \SSC branch". We
note that the dispersion of the 1 Jy BL Lacs around our predictions is similar to that of
the EMSS BL Lacs around the line . This implies that the scatter of RBLs can
be fully reproduced within our model by letting cover the range of displayed by
EMSS BL Lacs.
Finally we note that, to the best of our knowledge, no explanation of the bimodal
distribution of BL Lacs in the plane has been given within the \Dierent Viewing
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7. PREDICTIONS FOR FUTURE SURVEYS
8. DISCUSSION AND CONCLUSIONS
Angle" hypothesis.
Our hypothesis will also be tested by future X-ray surveys that will sample the X-ray
number counts, LF, { plane, and radio ux distribution of XBLs to levels deeper than
currently available. These surveys will also be useful to analyze the evolutionary properties
of XBLs on a more solid basis. As an example of what can be expected in the near future by
, we have simulated a survey with an X-ray ux limit of 5 10 erg cm s and
100 objects, which corresponds roughly to 300 square degrees using our predicted number
counts. The simulation took into account the incompleteness eect expected according to
Browne & March~a (1993). We warn the reader that, given the inevitable uncertainties of
our predictions, discussed in 3, and which are likely to increase at lower uxes, these
results should only be considered as indicative.
The solid histogram in gure 13 shows the radio ux distribution of all BL Lacs in
our hypothetical survey; the dashed histogram corresponds to the same survey
after the objects lost because of the \Browne & March~a eect" have been removed. This
latter eect, as expected, is stronger at these uxes than it is for the EMSS: about 27% of
the objects are in fact lost because of it, to be compared with the 10% incompleteness
we have estimated for the Wolter et al. (1994) sample. As described in 4.2, we can also
simulate the visual magnitude distribution for the BL Lacs in our survey, displayed in
Figure 14. The distribution peaks at 21 23, as compared to 19 for the
EMSS BL Lacs. Due to the \Browne & March~a eect", some of the faintest objects will be
missed in the identication program; moreover, given the lack of spectral features typical
of BL Lacs, it will not be easy to obtain redshifts for the faintest recognized sources (note
that the faintest EMSS BL Lac has 20 8). Because the \Browne & March~a eect"
includes a dependency on redshift the is not expected to be 0.5 but somewhat
lower. Our simulations show that for a ux limit of 5 10 erg cm s = 0 48.
We have presented a new interpretation for the existence of the class of X-ray selected
BL Lacs. Based on their multifrequency emission (Giommi et al. 1995), we suggest that
XBLs are intrinsically rare and represent that small fraction of BL Lacs with a break in
their energy distribution at UV/X-ray (or higher) energies, while RBLs would constitute
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the more common class with a cuto in the infrared-optical band. Given the distribution
of ratios of X-ray to radio ux for the whole BL Lac population (obtained from X-ray
and radio uxes of the 1 Jy and EMSS BL Lacs), we are able to compute X-ray and radio
properties of XBLs starting from the luminosity function of RBLs (derived from a beaming
model). We have compared the predictions of our hypothesis, which has no free parameters,
with the observed X-ray number counts, X-ray and radio luminosity functions, distribution
on the radio ux { X-ray ux plane, radio ux and redshift distribution of XBLs. Overall,
our scenario explains all these properties, with one exception: the redshift distribution of
the EMSS sample. This is due to our assumption that BL Lacs are a nonevolving class, a
compromise between the possibly positive evolution of 1 Jy RBLs and negative evolution
of EMSS XBLs (both signicant only at the 2 level). While the case for both evolutions
being dierent from zero might be weakened by the analysis of a fainter radio sample for
RBLs and a cut at a higher X-ray ux for XBLs, we have tried to explain the latter with
eects local to the X-ray band such as incompleteness due to recognition problems (Browne
& March~a 1993) and steepening of the X-ray spectrum at higher energies, as derived from
detailed spectral tting (e.g. Sambruna et al. 1994b). Extensive numerical simulations
show that both these eects have only a small inuence on the and therefore on
the evolutionary properties of the EMSS BL Lacs. One easy way to obtain an apparent
negative evolution of XBLs within our picture would be to impose an appropriate redshift
or luminosity dependence to the distribution of the ratios of X-ray to radio ux (supposed
to be independent of redshift and luminosity). However, we do not consider this approach
justied at present given the lack of observational evidence for such a dependence: larger
samples are needed to investigate this possibility.
Our hypothesis is an alternative to the most popular explanation for XBLs as a
class, the \Dierent Viewing Angle" hypothesis (Maraschi et al. 1986; Padovani & Urry
1990; Celotti et al. 1993), according to which these objects are BL Lacs viewed o the
beaming axis at angles 15 30 , and therefore larger than those usually inferred for
RBLs ( 10 15 : Urry et al. 1991; Ghisellini et al. 1993). In the latter picture, XBLs
outnumber RBLs due to their broader beams, in contrast with our scenario in which XBLs
represent only a small fraction of the whole population. Even our hypothesis, however,
predicts that current X-ray surveys should detect more objects of the XBL-like type,
as observed, simply because given their higher ( ) ratios, these objects have
relatively low radio uxes (powers) and therefore their surface (number) density is higher
than objects of the RBL-like type, which have higher radio uxes (powers). The fraction
of RBL-like objects is predicted to increase in deeper X-ray surveys. We make specic
predictions also for the X-ray and radio LF for both BL Lac classes, quite dierent from
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those of the \Dierent Viewing Angle" hypothesis: fainter BL Lac samples will allow us
to constrain the two models and, we hope, rule one out.
A clear-cut test to determine the relative abundance of BL Lacs with energy breaks at
low (infrared-optical) and high (UV/X-ray) frequencies, and therefore distinguish between
the two hypothesis, would be to construct a suciently large and deep volume limited
sample. Unfortunately, this will not be an easy task to accomplish in the near future
because of technical limitations and recognition problems.
A more feasible test would be to select a sample of objects by isotropic/host prop-
erties, identify all the BL Lacs, and then see which is the prevalent type. For example,
one could use as an isotropic property the extended (low frequency) radio emission. Such
samples exist already, but either the statistics is very poor (since they are biased by con-
struction against nding core-dominated objects) or are still not completely identied. The
3CR radio sample, selected at 178 MHz, contains only two BL Lacs, 3C 66A and 3C 371
(Spinrad et al. 1985), both of the RBL type. The expected ratio between XBLs and RBLs
according to the \Dierent Viewing Angle" hypothesis is of 10/1. Since the observed value
is 0/2, using the formulae given in Gehrels (1986) we deduce that there is a probability of
0.8% that the ratio of XBLs to RBLs is equal to that predicted by the \Dierent Viewing
Angle" hypothesis. The observed ratio is however consistent with that predicted by our
hypothesis ( 1 10). This conclusion, however, is somewhat weakened by the fact that
the 3CR is not a complete sample, since it includes some objects which are below the
nominal limiting ux. The 3CRR sample, which is complete down to 10 Jy (Laing, Riley
& Longair 1983), unfortunately contains no BL Lacs . Low-frequency-selected samples
that are larger than the 3CRR, such as the Molonglo or B2 surveys are still not completely
identied: a complete sample of 550 sources selected from the Molonglo catalog is in the
process of being identied (Kapahi et al. 1994) and could be quite useful for our purposes,
while two relatively small but completely identied sub-samples of the B2 catalog exist
(e.g. Fanti et al. 1987) but are dened by a cut in optical magnitude, which is certainly
not an isotropic property.
In our picture, XBLs and RBLs are viewed with respect
to the line of sight, contrary to the previous explanation. The more extreme properties
of RBL-like objects as regards core-dominance, optical polarization and variability, are
explained by their higher radio powers, since objects at the extreme end of the radio
3C 84 (NGC 1275) and 3C 446 belong to the 3CRR and have sometimes been called
BL Lacs but do not satisfy our equivalent width criterion: in any case, they both have
ratios typical of RBLs.
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LF (as the 1 Jy BL Lacs) will have, on average, slightly larger beaming factors (simply
because they need to be highly boosted to reach such high powers). XBLs are then still
(slightly) less beamed than RBLs but much more than required by the \Dierent Viewing
Angle" hypothesis, which would predict XBL-like objects to be lobe-dominated BL Lacs,
at variance with observations. In other words, our hypothesis predicts both classes to be
viewed within 10 15 from the line of sight with XBLs forming, on average, slightly
larger angles than RBLS because they are selected from a fainter part of the radio LF. The
similarity between the X-ray luminosities of the two classes, to which the \Dierent Viewing
Angle" hypothesis attributed a strong signicance is, in our picture, a mere coincidence.
Finally, the idea of an energy break moving from X-ray frequencies for XBL-like objects
to optical/infrared frequencies for RBL-like objects can also explain in a very simple way
the puzzling bimodality displayed by BL Lacs on the plane.
What is the physical reason for the dierence between the energy distributions of the
two classes within our scenario? At present, we can only make some educated guesses. Re-
call that the frequency of the high-energy cuto for synchrotron emission is ,
where is the magnetic eld and is the maximum Lorentz factors of the electrons
(e.g. Rybicki & Lightman 1979). Given the likely distribution of these parameters (since
we know that this product is not the same for all BL Lacs), one could imagine, for example,
higher values of to be rarer than lower ones, with the result that, for similar values
of , objects with a higher-energy cuto (i.e. of the XBL type) should be rarer than those
with a lower-energy cuto (i.e. of the RBL type).
To summarize, we have reached the following conclusions:
1. The idea that X-ray selected BL Lacs represent that minority of the BL Lac
population with breaks in their multifrequency spectra at UV/X-ray, or larger, energies
can account for their properties better than the previous explanation for the existence of
two types of BL Lacs. This latter scenario, which stated that X-ray selected objects are
similar to radio-selected ones only viewed at larger angles with respect to the line of sight,
would in fact predict the former objects to be lobe-dominated, at odds with observations.
2. The question of the negative evolution of X-ray selected BL Lacs is still open.
Neither recognition problems (faint BL Lacs being swamped by their host galaxy) nor a
break in the X-ray spectrum can explain the low value of inferred for the EMSS BL
Lacs, i.e. the apparent decit of high luminosity/redshift sources. One possibility which
should be explored, both theoretically and observationally, is that at higher rest-frame
energies, and therefore higher redshifts, one is more likely to be above the synchrotron
cuto with a consequent reduction in X-ray emission. However, the reality of the negative
evolution exhibited by X-ray selected BL Lacs should also be tested with larger and deeper
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In closing, we propose that the names for the two BL Lac classes, i.e. radio-selected
and X-ray-selected BL Lacs, a classication which depends on survey limits, as demon-
strated by the Slew survey, be replaced by the more physical ones of
and . Most (but not all) radio-selected
objects are LBLs and most (but not all) X-ray selected objects are HBLs. The dividing
line between the two classes is at a ratio of 10 (where the X-ray ux is in
erg cm s and radio uxes are in Jy).
It is a pleasure to thank Ian Browne, Cesare Perola, and Meg Urry for useful dis-
cussions, the referee, R. Antonucci, for helpful comments, and Jonathan Schachter for
providing us with the preliminary sky coverage of the Slew survey. P. P. acknowledges
partial nancial support from the EEC-HCM Programme.
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|The dierential radio luminosity function of BL Lacs ( ) as predicted
by the beaming model compared with the observational estimates ( ), derived
under the assumption of no evolution for the 1 Jy sample. The error bars represent 1
errors assuming Poisson statistics (Gehrels 1986). The parameters of the beaming model,
as dened in Urry et al. (1991), are the following: = 5, 32, ( ) , 0 013,
( ) 11 6 , ( ) 6 1 ; and as in Urry et al. (1991).
|The assumed distribution of ratios of X-ray to radio ux for the whole BL
Lac population (see text for details). The arrow indicates the dividing line between RBL-
like and XBL-like objects. X-ray uxes cover the 0.3 { 3.5 keV range and are in units of
erg cm s while radio uxes refer to 5 GHz and are expressed in Janskys.
|Predicted integral X{ray counts of BL Lacertae objects ( ), derived
under our hypothesis from the radio counts of BL Lacs and the assumed distribution
(see Paper I for details), compared with data from ve X{ray surveys: Observa-
tory EMSS ( , Wolter et al. 1991), EXOSAT High Galactic Latitude Survey
( , Giommi et al. 1991) A-1{A-3 ( Schwartz et al. 1989b),
IPC Slew Survey ( , Elvis et al. 1992; Schachter et al. 1993a), and
A-2 ( , Piccinotti et al. 1982). Also shown are the \bivariate" X-ray counts
of the 1 Jy BL Lacs ( ). The vertical bars represent the statistical errors (1 )
associated with the points, while the horizontal bars indicate an uncertainty of a factor
of 50% in the ux conversion between the band (2 { 10 keV) and the
band (0.3 { 3.5 keV). X-ray uxes are in units of erg cm s . Note that the
A-1{A-3 point is a lower limit because the identication of the sample is not complete.
The Slew Survey points have been derived from the 37 BL Lacs identied so far at galactic
latitude 20 using the preliminary sky coverage given by Schachter et al. (1993b).
They give only a lower limit to the true surface density because the identication of the
Slew sources is still underway. The A-2 point has been raised by 25% following
Giommi et al. (1989) while the upper error bar has been expanded to take into account the
possibility of another BL Lacertae object present in that survey (Tagliaferri et al. 1989).
|The dierential X-ray luminosity function of BL Lacs ( ) as pre-
dicted by our hypothesis compared with the observational estimates ( ), derived
under the assumption of no evolution for the sample of EMSS BL Lacs of Wolter et al.
(1994). The error bars represent 1 errors assuming Poisson statistics (Gehrels 1986). The
X-ray luminosity function of RBL-like objects to be found in X-ray surveys is also shown
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|The radio ux { X-ray ux plane for BL Lacs. The solid line represents the
mean radio ux, at a given X-ray ux, of BL Lacs found in X-ray surveys predicted by our
hypothesis, while the lled circles indicate the EMSS BL Lacs. The open squares are the
1 Jy BL Lacs. The dashed lines dene the range of allowed values of (from Fig. 2):
they limit the part of the plane that should be populated by BL Lacs. The dotted-dashed
line represents the dividing line between RBL-like and XBL-like objects ( = 10 ).
The dotted lines indicate the limits of the 1 Jy and EMSS BL Lac surveys (the latter is the
faintest of many limiting uxes). For example, objects having = 10 erg cm s
should have radio uxes between 10 Jy and 70 mJy but heavily biased toward lower
uxes with a mean ux 0 1 mJy.
|The observed radio ux distribution for the EMSS subsample of BL Lacs
( ; 2 10 erg cm s : Wolter et al. 1994), compared with the distribu-
tion predicted by our hypothesis ( ), obtained convolving eq. (3) with the sky
coverage of the EMSS sample. The dierences between predictions and observations at
high and low radio uxes can be explained respectively by the serendipitous nature of the
survey and recognition problems (Browne & March~a 1993): see text for details.
|The observed radio ux distribution for the BL Lacs identied so far in
the high-latitude Slew survey ( ) compared with the distribution predicted by our
hypothesis ( ), obtained convolving eq. (3) with the preliminary high-latitude
sky coverage ( 20 excluding also the LMC, SMC, and M31) of the Slew survey
(Schachter et al. 1993b). Since the Slew survey is not completely identied, we obviously
predict more BL Lacs than actually observed, but the two distributions are nevertheless
consistent with each other according to a KS test.
|The observed fractional redshift distribution for the EMSS subsample of BL
Lacs ( ; 2 10 erg cm s : Wolter et al. 1994), compared with the
distribution predicted by our hypothesis ( ), which takes into account the sky
coverage of the EMSS sample. The arrow indicates a lower limit of 0.6 on a redshift.
|Simulation of the percentage of BL Lacs missed by the EMSS, per radio ux
bin, as a result of the eect studied by Browne & March~a (1993), i.e. the misclassication
of optically faint BL Lacs whose light is swamped by the host galaxy. These results have
been obtained by running the simulation program 50 times.
|The distribution of the core-dominance parameter for four BL Lac sam-
ples (from top to bottom): 1 Jy, EMSS, Slew survey, and A-3. The hatched areas
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have 100.
|The maximum optical polarization versus radio power at 5 GHz for 1 Jy
BL Lacs ( ), EMSS BL Lacs ( ), and Slew survey BL Lacs ( ).
Arrows indicate upper limits on polarization or lower limits on redshift (and therefore radio
power).
|The plane for BL Lacs. The eective spectral indices are dened
in the usual way and calculated between the rest-frame frequencies of 5 GHz, 5000

A, and
1 keV. The solid line represents the eect of a break at dierent frequencies, indicated
by their logarithm and marked by lled triangles, on an underlying spectrum
between radio and optical frequencies, between optical and X-ray frequencies
and above the break (see text for details). Filled circles indicate the EMSS
BL Lacs, while open squares represent 1 Jy BL Lacs. The dashed line denes the locus
of the points having = 0 75, the dividing line between RBL-like and XBL-like objects
( = 10 ).
|The predicted radio ux distribution for BL Lacs in a hypothetical
survey of about 300 deg and 5 10 erg cm s ( ). The distribution
corrected for the \Browne & March~a (BM) eect" (i.e. the misclassication of optically
faint BL Lacs whose light is swamped by the host galaxy) is also shown ( ). To
reduce the statistical noise, these results represent the average of 10 simulation runs.
|The predicted V magnitude distribution for BL Lacs in a hypothetical
survey of about 300 deg and 5 10 erg cm s ( ). The
distribution corrected for the \Browne & March~a (BM) eect" (i.e. the misclassication of
optically faint BL Lacs whose light is swamped by the host galaxy) is also shown (
). To reduce the statistical noise, these results represent the average of 10 simulation
runs.
35
20 21 22 23 24 25 26 27 28 29
-30
-25
-20
-13 -12 -11 -10 -9
0
0.2
0.4
0.6
0.8
1
1.2
-13 -12 -11 -10
-4
-3
-2
-1
44 45 46
-47
-46
-45
-44
-43
-42
-14 -13 -12 -11 -10
-5
-4
-3
-2
-1
0
1
-4 -3 -2 -1 0 1
0
2
4
6
8
10
12
14
-4 -3 -2 -1 0 1
0
2
4
6
8
10
12
14
16
18
0 0.2 0.4 0.6 0.8 1 1.2 1.4
0
0.1
0.2
0.3
-4 -3 -2 -1 0 1
0
20
40
60
80
100
0 0.5 1 1.5 2 2.5 3 3.5 4
0
2
4
6
0 0.5 1 1.5 2 2.5 3 3.5 4
0
2
4
6
0 0.5 1 1.5 2 2.5 3 3.5 4
0
2
4
6
0 0.5 1 1.5 2 2.5 3 3.5 4
0
2
4
6
23 24 25 26 27 28
0
10
20
30
40
50
0.6 0.8 1 1.2 1.4 1.6 1.8
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
-4 -3 -2 -1 0 1
0
5
10
15
20
25
14 16 18 20 22 24 26
0
5
10
15
20
25
